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(54) LIQUID COOLING DEVICE FOR ELECTRONIC DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To cool an electronic device having a large amount 
of heat generation with high efficiency. 

SOLUTION: A heat transfer structural body includes a pump 30, an air side heat 
exchanger 32 mounted close to a fan and a heat transmission board 34 which is 
mounted on a chip P, which is a high heat generation component and evaporates 
the heat from the component. When the pump 30 supplies a cooling liquid 
continuously to the heat transfer plate 34 on the side of the chip 3 by way of 
piping, the heat from the chip 3 is transmitted to the liquid. When the liquid 
holding the heat is sent to the air side heat exchanger 32, the heat is dissipated. 
A liquid cooling agent is further employed and the heat is dissipated by the liquid 
to the air, which makes it possible to enhance heat dissipation. 
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»i*5cfc«»2ifl(7)»[pifi!iB*w-r-5, ±m^\zmm 

SufBv^- vtf)fjfBfg 1 ffi^ffllBco— ^*3cfc^HJ3ESS 2 

«K SrilifiT 5 TftmtV&m &t&T £ i± £ SSL - ffi#JR 
^WBRtCiiKfr^U MffiA*P^SirfBtti2>P*T. 
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isifitttK*^^ y'vmm&mzm 5 5 t:fc:*t Err * - 1 
^^a»tat#a5i*rsA*#- K^^m**- h 

*-bt, PSEEtR— b<h£*T^MfB^>:/<^ 

fK#?&ai»A*P^ct^tli^P^#1-§<i:*^, -^coi*] 
B&Kil&^U BfflHA*P*^gJffiai*PST?&S]» 

^tlcoSufEA^f^- MHKStfSSES, i5J:^ffi[IBI» 
C8»*JS7 ] W*Jg6SBffilc^=i>t 6 a--^^^^T, 

ffirfE?&5fiPt*«, *5 5 0/1— fe> h£)7j<;te«fctf#?j5 0/1- 
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#*ax*«tt, HuieA^^-h^ewsBtts^^- hit* 

flE**?J5 5 1 5 ^ t5 if Si. 

[immi i ] tfgn:*nT, 

fl»IH-> + —>±t«**nfc. A-K • xVXi? • h'7 

-ex? • v-y^zfifl^mz^(o^m^m^-t^. 

HulSm 2 7 — h. IZ®. Q tttt S'ftfcJS 2 t 
WM#$fI*tT. fusEA— K • x-f X# • 

m2 7 — A\Zfcm2ft&m$:®>8i-t2>lfiWtt)l<—7£, 

Miau^tt^ u y7±\zmM2nrzffimi$m)\'--?\zm 

Si $ it s gj , mfclbWV- 7^ 6 MSST S Wl E^£P*t 

[»*gii.2] tmmi is5.m<nm^-mm\zio^r. 

ISm 1 *5«ktf£i 2 7-A(C^n^YlSx9tttt<E>*l7 t cgl 1 

x & 6 ffifiEss i * «fc t^as 2 7 - a fx k> a » % 

*lfc*l:feJ:tfB 2 fflaEtf HtrsBA^iJ 

«<*:»SItt*i«riBIB 1 feitfH 2 A*«8»A»6WBB* 1 
*J:r^JB2 ^f]U%\Z\%xm^.L U WEA- K • 
X? • K^-f ^©WBae»^S«H£»JR-f4CtfeW* 

im&m 1 3 3 w*is i i ss«c»«^gBti3c>T, 

tt, rt«tPBPSr#U, WE* UP- JctfffiE 
»2;U-:7*fflS#tt. WESI17-A*S«tUClWfl3JB2 7- 
AOWEWaSJtab, fc7-A©fl.*ISffifc«0ttW- 

6 n 5 «t -5 v fz z t & <$m t f * m?- s n. 



SBlis«J:t;SI2fflO»[S]1-4fl!lffi&#t-*. ±Wmzi!e. 

hi}SE->^ — ->±{C^«£$nfe, A-K • xVXi' • 
■f^*$tr1*»©«^«jsfitt-p*-3T, ittffEA-F-^ 
4 7^9 • Y^^-Jlf*. ±S. (SB, 2 

mffEA-K • t-VX^ • K5-f ^Olft^iaS^fftlffll-r* 

w?i^^§§»sfiiB*EcotuiB i -D<D±\zmmzrLtcm& 

HtrfBi*{EjitS±(cS#^nfeHulB^^iiBl : a5^tciiff«) 
i:s*sn, ME»ajiBtfis#roMEaja«2-a*e>Ui3 

mztvmtnujg&i&TZitz tmz, tirtErsit £fgT 

•«. 

[i*ai5i *?s«k*^t, 

JSffit, ftfiWA— K • X^7 • y®A l 5y>^ 

mflB/N-F • t^-T X£ • F7-f7*- n.--7 htc^oTiP 
«$:MiBA^-;HCML, itufSA-K •f^Xf • 

y • n-y h\z£r>Tm£Ltcm&mi&2&%ftimm 
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mga^^^jRea^^jni, A^iant, mounts: 

iWE##«»»»i6#tt. ffiEA*IHJP4:Sirr*#> 

m^m 1 9 1 1 5 Ettom^saicfc^T, 

2 0 ] ffi$£ 1 9 EftCD^Stlfci^T, . 
[B*^2 1] 5E«©« : P6W:*^T, 

[»#St 2 2 ] nf«9 2 1 rett<a*TSEfc*5^T, 

[M#E2 3] SEttofcTSBfcis^T, 

tufE2fe^±cD^eji/N 8 ^;i/^A^MP^M{*«S^T^ 

Atim-?~7* )v h t , tuts 2 ttEJi±o^e»A^;u© 

HtlEA*^v-7^;i/H*«k^ttl*^^.7*;UF«, 

tfgSo 

[0 0 0 1 ] 
[0 0 0 2 ] 



Ai? . F7^y^i:^7i^>t: e ^-^co$)^aco^^S- 

as & * Err s fcft t a- a £ & o 

TV^ 0 ftft^fiS**** tctiJp-T^ (incremental incre 
ase) ArrheniusOS:^Ufc^oTSfc»*J4»afl5l^ 
H^T§^(i:tt«t<*0?)nT^vSo fciiAti, 1. 0e 
V0)Sbf£x*;Mf (activation energy) £rffi^"f £ 

£ e LfctfoT, Pentium (S^rffiS) <£>£-5&3>t: B 

[0 0 0 3 ] m-T^^tC^^7^ > • *:>>zL-)l>$:m 

onductionK 45«t«^g[8lE*C J: o T*>*>***£*** s * 
SPStlSdi:{C«tS*fSK (convection) tCioT, ^SrtB 
ffc£i±£££te^»]-r&£o IntelO 4 8 6 7° 

n-fe^ittt, >^Sft32SSIttt (conformal finnedh 

eat exchanger) tcioT?&aiS:fTVi, Intel <£>Pent ium 
(a»S5«) ^7°te, Pentium (SSiSS) <0^I8<7> 

UiSSffiJIft^ftttl (extended surface heat exchanger) 
t l/T^^^nTi/^o IntelcoHtcMb^A* — a > 
(^Pentium (m^U) <D&?&, &5«<D«ric4*ia>flJ 

[0 0 0 4] m&74 >f**B5««3?«l«£t*KO?&aJ v 

^;U^x • £ — 5 (Peltier cooler) *5«tt^ti— h • 
yt-T7 8 (heat pipe) 6tlTl^o Lt^U ^;U?x 

.tt, itS5ia*5«tafiS;iaS»**W , Jif-n(hot and col 
d termodynamic reservoir) ^coS^Sr^iBTSIRcDtR 

[0 0 0 5 ] f^{*^^p«^tf^^^^^a]«co{£ 
fflt>tt»T»*o d(0?&aiffitt, h7>^^, ^-f* 
— F, ^ckl/S^^co^5^;ffl^^«^^V3.--;Utcg 

Wake f i e 1 dcoWake field Eng i nee r i ngcoEG&G Componen t s 
Divisions tFf 0 A WT»«S-i5[S it ^> FtS^K 
jgbT^S. Bn*, gfSfcD2kWi 
Tcom^SmKf^, JE^tt^SESlEWiScttXSCRS:^ 



D v 9 (water-cooled solid copper block) \z^-d 

JftffiJfi**&EK MtC -5 W£<DW& (crimping) fi 

»S]cO«lli«)JSHittO, 5 OA— fe> MciTiTra 

[0 0 0-6 ] &»<Dmm&ffi<D#Vt&* «ffc* *S£>/ 
g5, 1 5 9, 5 2 a^^a^^ftSrSttS 

i7S!!<z)i*iBi5^a3 7*?iJffli'*o b^u^^e, fflsa^ 

pJftgtt^S^o *B1tff»5, 1 4 4, 5 3 2fH 2 

7 4 8,'4 9 5§ll li*(Z>t — F • v>£ SilUT, 
^iffiftSrflilgStf* (route) CttrJ:0, gftSKSK 
>?3.-;l/*lig^"r5- Mfc* *HWWSS4, 7 5 8, 9 

[0 0 0 7 ] 

>b°a — ^COD >tf a — ^ • A 1 ? 4^1*1 tC*Sfttb, * 
^Pentium (Sftiftffi) :/a-feyi^A- F • x>f * 

[0 0 0 8 ] 

etna, ««ToSi«*iB*a>fc:3.-^ • ^y^*5«tA 

if- • Kic^g^tm^o «k««i*Jfiff«, v 
lis \z mm u t 7 7 >**b o # b nt ^ s . iks:** 



#BB¥ 1 0 - 2 1 3 3 7 0 

[ 0 0 0 9 ] *5S^^ft!lW^SS^JTtt, ttf^ + OA-F 
Stttt, a— F -tVX^' F^-f 7'^^§§co<UJS±tc 

u^«i7 u # u y?<Dmmzm*)tttft>n, a 

0), ftm&faft^tt^~7$:^-?Z>o <B*<Z)A— F- 
fVX^7 - F^^T'S^SIi-rsfca&^te^^JEffflT^, 
SBte, A— F-xVX^- F^<7'co^§§co^ffit^ 

[0 0 10] A-F • fVX^ , K7-f7 f • n.-^ hOT 

n, B»tsa-y F^6ranf^j»s:»s-rs itfc£i± 

[0011] 

[fS93<Z)^jS<Z)JgSi] HI 1 ~[3 3 Sr#flBi"£> t> ^f>f 
;i/0-#l/-yg> (Intel Corporation) T&^Mjg-f 
^^>t-{7A (Pentium (^ISiSlI) ) <D£vtZ, ^ 

#:^JtCAt LT^^ntt^o Inteltr J; o TglXI tcPen 
tium*«ll85S$nfc(h^, Inteltt, t- h * i/sZW 
-f X*±«?S»flK^««:fflS(rHff#^, PentiumCO^ 
SP^«fc:- F ■ v>^^J:^»«t^*I^^i±^^^ 
^^A'-^a >c7)Pentium (^i^iS 
ffi) ^^ywttMSnfctbSHHctt, PGA/t^^r-^ ■ 
^7^6 6 MHZ Pentium (Sftffiffi) 7°D-fe^1tcDM 
^«Wil6Wt»0, /V^-y'WXii2. 1 
6" x2. 16", fkJK^(DWm&mtl OtTftSCl 
t*^*tiT^fco Mfc, Inteltt, *^^>Pentium (S 
iiSS) 7°D-iryit(0«yx:^?S'&Sg (maximum devic 
e junction temperature) \t 9 0 CI t fc, {±^$ 

[0012] ftSW7in >t 0 aL-^A^>^ftT 



ftfflW- 1 0 - 2 1 3 3 7 0 



bftTl^o mm&%tte, PentiumA°>y tr-z/mM<D 
^«ESnZ3:^fflHa«<DiafftUT)£*r4. Intel"? 

[0 0 13] llflttf^CQPentium^P-fe'yy-, 
fflSi^WIlIK (AS I C S : appl icat ion specif ic inte 
grated circuit) <D <k -5 &^(2ffi<2SjtMf filthy y°& 

[0 0 1 4] HI Sr#flg-TSi:, 1 0T^t3 

ion fie*a«t*3^T4i»(7)j:'5&, temomm-c 

|pjfllffil2a f 12 b, *3J:^S2ai(D*ffpHB0M 1 4 

M^tlTl^o S^—>1 3tt«B»^*g»ttt?»S 
(DT\ yt- v 1 3 tea >tfi — ^ • )\W>{f<W&M 
1 1 , fcStfKflOffil 2 a~b*5<ktf 1 4 a-bKff}^ 

[ooi5] s&ffiTttiifciT****, vif- • 

15 11 SfttBT«^fl]<75ct'5tC?iiffl3tl^a^^^> 

[0016] V+f- ■ /tf- K 1 5 H, -ilCDX D y h« 
Pentium (SSS5«) *fctt*coft!ioB;^4:Vp-fe y 



5&S1&£<afr, r k — ^— J (daughter 

board) fc^fcJStt-Tio £Sfc*S»58£:/n*ylJ-P 

166, sffcttaicAanfciftjft^^y^taft-rs^ 

>$-y 3L-xmU<D£?t&Jt<Dl&(D K — • zK- F 
^M^tlT^D, dn&* 1 7 43J;^1 8Ti»gUf 
£ e Sfc, ^otyit'fy^l -tfDjfArt (Z I 
F : zero insertion force) ^fzW&i^Xtl (L I F :. 
low insertion force) V^r y h tC^^T^> CI t fe— fix 
69T**5, A£v>^CDPBP-&|fgP 1 9Kte, ^tS^ttC 

n>A 6 ^ h . Xi7 • F7-f 7^S§f ^ 1 ~D£k±<D 
[0017] «ig2 1 tt, MS 1 4 aiSefctf 1 2 bHlC 

iR2 l [:RSLt®0#ttenti/^o «ffiIP^ffil 4 
bfctt, -iWXD7h2 3*^$nt*t), A^v 

[0 0 18] *SS|081AI1 SS#^S3«S:5S^M{- 

S3 46^tro 3p>^3 0tt, v'-V — 3 <0 strife 

3 2 *5ct^«!fe^ift«t 3 4 p B Ttc^ai«*a 

X^113 2W\ **Oftj)l«JJCA^^IflB?a«l3i»«Wli 
fntt)J;K a»iB*iffiOTTtt, EI3c7)^5e^«3 2 
\$, v-y-^n.— -fe ^iVWWakef ieldcoWakef ield Enginee 
ringcOEGG&G Division^BE^TS, 1 8 kwSTOKS 
tl^ft^) 7 2 0 vU-X^^^^irl^tSco^^ii-r 
ntfctti. 7 2 0 ^U-XJ»3£ft«3 2 Ms A*D32 
c^^^^\ Ktf^^^b, ta*P3 2bf:^UTa- 
y h*^6ffl*«iHe3 2 aSffllr^. «B« 3 2a« 

t)C7)T:*^o ^fflJ7^>3 2dH - • y 

I/-A3 3rt»l:8*sn, tt»<Z)*ffiT*6ffttcD*E 
StclxOW^&nTt^o ar>;Ht A^pTfg^Rotr 
on Muffin Fan tm XL S#MX2A3Hf*JSU, $>^^t^ffi 
C077> • a-y h2 2fc, SM5T^D(Z)J;5l:, 



(7) 



«M¥ 10-213370 



m®Z>fz®\z, ^ftfflOJRXa* 3 2li77> • h 

3 011 *g**2. 5-f>^T, fi$**5. 0-f>^ 
EiT^-r^^TfeSo ^>7°3 0il pI«SlS^*&(fIainin 
ability rat ing) £JL94 94V-2, fecfctfUL^E-^iSA 
?SJ*3ct^n^d7 • o — 3^1$ (UL motor overload and 1 
ock rotor rating) £rUL1950£T'<£T&& ( , fe^k<DB 
#}<Dtctb\Z, ^>^3 0(t ffiJEA^JP 3 0 ajSck^ifiS 

[0019] ?££PS 3 4 El 2 KttKWK^-r. ft£P 

tin 3 4 bK^TJHSEflfS 5, 3 6 ££H ^^A 
*P34c tC£>l^TJli<JB® 3 6S:SttS. #>^H>" 

££KE«LTfc<fc^<0-C, *«&E«3 5, 3 6(1 m 

lTMs^^ntt^o aa^a^i7 3 4n, 

lT3 4at?St U^ttamSB^Sr^rrs. 7LBE^ 3 

Pentium (SiSiffiS!) f ^^M©JS®S&ttt7 

ffiT^^DCDckoir, JR^ 'J —A (thermal grease) *fc 
fcteSftT-JgjSU J£®, ±ffi^J;^4^^c7)fflffi^W 

^ftgBA^Jl^WU A*S3 6*cfctfUi2j«3 5 £ 
7^>rt\zftmr%. E«n »«*tliB*it^5^ 

[0 0 2 0] 7j<, Sfctt5 OA — t>h 

[0021] ^^-is±\zmi2ft%m^mf&mt, & 

OtiSdiJSdt^^oT^*. Stc, Pent 



ium (SiUffiflO Oi^^iB^SSfe^y^i, ^6 0^ 
^17 0t:cDft^Ig|SS^WT^Ci:^^^oT^ 

sis 3 4(o#j»j!fteas:#as^AnT3tt^*«3 2^^ 

X^J;^>7 P 3 OW«tiSS:l88tL/, 

<&mumm\$, m*<D?n±iy*i-* as i c, 

[0 0 2 2] 0 4-ig6*:#fiB"r^i:, ggB - 1, B 
- 2#^S*i.T^5 0 dfti&H- F • x>f Ai? • K 

y^y*<Dmm^m.^\&y^^^m^^m^'t^o H4 

«A^->*ct«nHS (envelope)**, 7trK<08(itM»jS 
fttaoTtiS. H7^yD-l, D-2H n>b:a. 

D-l, D-2tf)J; 
5 ft A — F • Xi 7 • F^ 7*H . /N-f h 

(half height) J &&Z$ • A-f h (full height) j 

H * A-f h • A- H • r-(X^ • K^-f 

1 -< >fT-$.D, • A-f h • A- K • "r* X 

A-H -t-VX^ ■ K9-fy*ig#:H S*69*w, 

K^-f aC7v>^<Z)/SdS5 i atra5tg^»*$n 

7c, 04*ct^EI6(C45^T5 OT^-r^^^^-COX 
'J>hEiSSfi (PWB : printed wiring board) t\z 

«tot«SfilcSnTU5, A-H • f^^7 • ^7^7' • 

A^y>^5 1 Q>m<D&tS\Z\*. ±®5 1 b, MlffiS 
1 c43ct^#Jffi5 1 d, &b^!C#fa#J®5 le, 5 
1 f^*ni)o StSWTttft»OJ:3t, A-K-^ 

^X^7 • K5<^«»5 ltt, S^fr pmTlHlilifiT^X 

;Kwel 1-stirred vesseDj ^"8*5^^ fcc^Wt&ia 
5. D- 1 , D- 2<AJ;-3frA- K • Xi7 . K^-f 
714, • ^7U>^£-&tr, ftficofflffifctSiBS: 
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[0 0 2 3 ] e»»aiCJ:oT, A-K • ? 4 7.9 • K 

§:i^DTJ^ 9 donate, u-;UKJ;£#ffia> 
^ >^.^>xa* (conductance loss), iScfctfU— ;U 

[0 0 2 4] 14 £#flrT££, ilB — 1 ti, A- H 
• X# • h^^f^D- 1 ZL~>y h(?)A^y>y5 1 

<^*frS]ffi±T^3*14S» (resilient mounting) 

t?\)v~J * :t>fffi3Et!SMfi (cl ip-on hea t exchanger) 

Tfc*. £U ^7° • 6 Ott, ^'J'J^A 

i2^U77°'7-A60a, 60bT'M$n, 

f*pJtg8l$#(yieldable section) 6 0 d , 6 0 eSjH 
T, ^ ij ^ 7 c co^-Xgp*>i¥*E 6 0c ic—ttftHCffi'&S 

ntt^o Lft^bi, u3M*^3e^ u ^7°6 otc 

IS6 0a, 6 0b»lS$nT^D, Cin6tt§ 

^cofflffiS 1 e, 5 1 f ±£ffAU U 

[0 0 2 5 ] 04*3ct^EI 5 Sr#Bg-rSi:, U?ttX^ 
ij >// . /7 U y H5Httffi# 60d, 6 0 e KlteM 

iasiffitHp 6 3 a*, m^mz u y :/<z>«SB6 o c 

<W4E 6 0a. 6 0 bKffiOtttt&nTiSO, $:£8li7 U 

»62a, 6 2 b£#*J-r£, Y^tRigjagR (12^1* 
a, 6 3 btc^fij^n^o A*7-f >6 2 a, 62b 

^, ^nfniSi^u^^F^peo f, 60g^i 

31 U «60b, 6 0 a<Dft.^<D&*<D-g,£\Z?ii-D 
X, fi^fifcSStf*. E«8B#6 2 a, 6 2blt A 
6 5 iZ&^Xffimiir&Z.tlZ&K), «6 0a, 6 0 
bKjg#SftT^S. 6 2 aOiSfcEflFA^-f > 
«, SB#6 2 c fci3^TU*-->U g0ftOT7-f> 
6 3aiMl, »ai*HB*9<>6 3CB?«> 8 j»32* 

(D^mthiiy-i >6 3tt, 3 2COct^7^^^fpiJ^^« 
CDA^£TiiLT^£CDT\ #>^3 0 rt<BJft£lfetti 3 
2 11 iM^*<DA- K • t-V Xi7 . K^<7^£<D!&£ 
5S*aW E14*3cktflil5<Z)A- K • 



[0 0 2 6] &f;:0 6*#8BT*£, A-K ■ rVX^ 

K^-f 7*D- 1 OA-Jy^S 1 tlRlLJA^^V^** 
t5^ F7^D-2H 5 1 e (D^t^CO 1 #F/r 
«±Offiffl^\ a>h 0 ^.-^ ■ A£v>4^<75S«fflHin 
ounting) KffiOtttt&nT^Sfcft, A- K • A£ 

• K^7*£^T38MB- 2£{ffiA££^^fe3o 
SIB-2H JEJUttT, A-K- K7<^D-2W± 

mtAJiy-i >WA7 1 att, tf;>7°3 0 (01) Sfc 
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